The musical outcomes for children with cochlear implants (CIs) who have been consistently involved in musical habilitation, education, and training programs, from a young age, may be presenting a new musical perspective. This article aims to provide strategies that professionals may use to improve musical perception for children with CIs in clinical and educational settings. The habilitation and education programs discussed are based on extensive clinical experience and assessments of over a hundred children and teenagers with CIs. Stages of musical development for children with CIs, from beginners to more advanced levels, are described for several key musical areas: (1) vocalization that leads to singing, (2) listening, and (3) general musicality. Practical activities for developing singing, listening, and general musicality are described. Music-based habilitation, education, and training methods may enable children with CIs to participate more fully in all aspects of musical experience.
improvements in perception and production of spoken communication, especially in quiet listening environments, 2 this same technology has been considerably less effective in transmitting key components of music such as pitch (and thus melody) and timbre. 3, 4 However, young children with CIs consistently exposed to musical experiences and enriched habilitation and education may have the potential to learn and assimilate the extended dimensions of musical sound, potentially to a greater extent than postlingually deafened adults. Musical training provides a unique capacity for experiencing and expressing broad dynamic contrasts, an extended range of pitch, and a variety of instrumental timbre within a social context.
For the past 22 years, staff at Mary Hare, Ã a school that serves deaf children in the United Kingdom, have provided music habilitation and education programs for over 500 hundred children with CIs in mainstream schools, unit resources, special schools, and CI centers throughout the United Kingdom, and established equivalent programs in a variety of clinical and educational settings. Although we believe that the experiences in our music program can enhance listening skills outside of the music listening situation, the focus of this article is on the instructional methods and educational goals that we use to help these children to succeed in music participation. Because music is an important part of every known culture, this type of habilitation can offer another avenue of integration into society as well as the opportunity to develop musical appreciation.
This article will include background information on the philosophy of our music habilitation and education program, pedagogical and clinical recommendations for assisting children in developing musical skills, and examples of the types of music activities used at various points in a child's musical development. It also includes a description of the sorts of musical skills that the children have been able to achieve as a result of weekly sessions that occur as a regular part of their ongoing education.
PHILOSOPHY OF MUSIC EDUCATION AND HABILITATION AT MARY HARE
Critical factors for the musical development of a child with a hearing loss include the child's chronological age; cognitive status; onset, type, and severity of hearing loss; type of technology used (hearing aids, CIs: unilateral, bilateral, or bimodal), and musical experience. Our philosophy, which is fundamental to the Mary Hare habilitation model, is that all humans have an intrinsic ability to respond to music and a capacity for musicality, and that hearing technology (e.g., hearing aids, CIs) can support those capacities. 5, 6 Another significant element in our approach is the integration of different training techniques and approaches within a musical context, rather than solely using a battery of tests and exercises to build individual musical skills.
DEVELOPING VOCAL AND LISTENING SKILLS IN CHILDREN WITH CIS
We know from research on typically developing babies the significance of early musical influences. By 3 months of age, babies have a preference for the maternal voice and language, and respond to certain prosodic features of language and simple musical pieces. 7 In normally hearing (NH) children, research has highlighted "musical" expression in babbling, the ability of babies to discriminate adjacent pitches by 5 months, recall melodic contours by 11 months, and the influence of "motherese" (speech singing) on developing and emerging language. 8 Although these milestones may differ for children with significant hearing losses, through earlier identification, appropriate intervention, and broader opportunities in multisensory (e.g., kinesthetic and visual as well as auditory input) habilitation, hearing-impaired babies are more able to access music from a significantly earlier age. Professionals may encourage early auditory awareness in infants by encouraging mothers to vocalize with their child.
The first year of a typically hearing child's life is significantly influenced through the speech and song quality of his or her mother's voice, interactions that often adopt musical properties such as a wider pitch range, longer pauses, and highly modulated intonation contours. 9 Motherese introduces musical qualities of modulation, timbre, melodic contour, and timing from an early age. 10 Parents with babies and toddlers with CIs can be encouraged to engage in vocal play, babbling, and vocal exploration with their child as part of music habilitation.
Because responses to music in very young children often include motor as well as vocal responses, the mother's vocalizations should include a variety of rhythmic meters, which supports a variety of movements and lays the foundation for the development of rhythm and prosody. 11 Activities for children with CIs from 14 months to 5 years of age usually progress from encouraging a range of reflective movement and musical sounds to imitation of actions and then sequencing these actions to music or action songs.
The melodic and rhythmic skills developed through singing can influence emerging spoken communication, from initial preverbal stages, through vocalized suprasegmentals, to speech and language. After a child is implanted, we use simple songs with one or two word combinations, progressing to more complex repetitive structured lyrics. This forms a significant part of our music program, and singing at home as part of the daily routine also is encouraged.
It is possible for NH newborns to segregate sound streams in a similar way to adults, thus selectively separating the sound of their mother's voice from background noise. 12 For children with CIs, the development of this skill can be encouraged through using unaccompanied and then accompanied songs. Tasks to develop auditory segregation skills can be varied in levels of difficulty by changing the structure of the lyrics and/or the complexity of the accompaniment. Singing without accompaniment provides auditory input without introducing competing listening demands.
As the child's listening skills mature, early introduction of harmony, bass, and rhythmic accompaniments can encourage the child to listen for the lyrics and to distinguish them from musical accompaniment. For training purposes, accompaniments to songs should initially use a single instrument: guitar, piano, or keyboard. The harmony needs to combine two or three chords, with wide spacing between the pitches within the chord. Gradually the musical accompaniment should become more sophisticated, increasing the number of instruments, harmonic complexity, and range of styles. The choice of lyrics should begin with simple single or double word phrases, and gradually include repetitive lyrics with greater linguistic complexity. Emphasis is given to contrasting the pitch and timbre of different singers' voices, whereas duets, trios, and quartets aim to encourage the development of listening to a group of voices. Through early introduction of this form of training, a child with a CI can develop the capacity to distinguish and understand lyrics within a range of stylistic accompaniments, which stimulates the perception of spectrally complex acoustical structures found in timbre, harmonic, and stylistic accompaniments.
Singing in tune, which for NH children is developed by the age of 11, 13 is much more challenging for children with CIs as the implant provides a degraded representation of pitch. Pitch matching is a cyclic process, codependent on both a child's pitch perception and control of their vocal production.
14 CI recipients vary considerably in their pitch perception and production, but several of our children have benefitted from pitch training exercises, which can be used to develop accuracy in vocal pitch perception and production through integrating techniques within a musical and motivating context. These include vocal and pitch exploration, pitch glissandos, pitch patterns that reflect melodic contours, pitch interval imitation, scale passage imitation, phrase imitation in call and response, and finally sung melodies with sustained complex phrases.
One valuable exercise that has been effective with children in our program involves identifying four target intervals and phrases, which are used repetitively in a sequence of songs. The target pitched intervals (which musicians would describe as a descending minor third, an ascending fifth, an adjacent five note scale passage, and complex combinations of these in sustained phrases) are used as building blocks to develop better melodic contour accuracy and pitch perception. They are typical of intervals used in traditional children's songs; therefore, these exercises will help prepare children with CIs to better understand the musical sounds they will hear in a range of everyday environments. Table 1 , which is based on research and our experience of working with babies and children with CIs, summarizes the stages in relation to the development of singing for children. Suggestions of practical activities that may support development at different stages are given.
DEVELOPING MUSICALITY IN CHILDREN WITH CIS
NH children from 1 month to 5 years of age show an incredibly rapid growth in musical development, 15 including the ability to differentiate between speech, singing, and the timbres of musical instruments. 16 Therefore, postimplantation emphasis is given to distinguishing between singing and speech in the mother's voice, and practical music activities are used to encourage timbre discrimination for both speech and music perception.
Like NH children, playing a variety of instruments can help children with CIs develop listening skills, from initial sound awareness to discriminating between instrumental sounds, and finally identifying and naming a range of instruments. This may be accomplished through instrumental activities that build through a progressive sequence of musical goals. We also instruct children on the foundation skill of feeling and following a basic beat. 17 Through movement and instrumental activities to a variety of rhythms, tempi, and meters, this ability can be guided in development, if it is not instinctively acquired.
At the Mary Hare education program (4 to 16 years), we base our pedagogical approaches on the stages of musical development associated with NH children. In Western cultures, children develop an understanding of the musical scales heard within their culture and a sensitivity to harmonic principles by around the age of 5 years. 18 Because CIs do not convey an accurate representation of musical pitches, this aspect is difficult for children with CIs. Pediatric CI users may vary in their ability to perceive and match pitches, but children can be encouraged to develop their potential through repetitive instrumental games and songs using pitched percussion instruments and step scale chimes. Table 2 aims to highlight some of the beginning, intermediate, and advanced stages in developing musicality for children with CIs and provides practical suggestions for musical Use strongly contrasting instrumental sounds (e.g., drum-bells) and develop to contrasting instruments with similar frequencies (e.g., triangle-cymbal).
With older children (5 y) ask them to describe the differences in the sounds.
Play patterns of sounds in a sequence with the different instrumental groups; the child listens and matches the sequence, without visual clues. This can be done with body percussion sounds.
Encourage the child to listen and identify the sound, name the instrument, and describe the sound.
Sing and play instrumental pieces that have loud, quiet, and silent parts. Invent pieces that get gradually louder and quieter. Both have the same instrument and copy how it is played, taking turns to imitate and instigate.
Sing and play with fast and slow tempi, find music that changes tempo in the same piece. Both have the same instrument and copy, without visual clues, how each other plays.
Begin with one to two beats, play the rhythms of words.
Reverse roles and encourage the child to lead the game.
Model playing with an accompaniment and allow the child to listen, demonstrate what is required, and then listen to the child. Play along with a range of musical styles and tempi.
strategies that may support their development at each level. Music has often been considered effective in conveying emotions. From the age of 3, NH children are already able to identify the emotions of sadness and happiness in music, and by age 4, they can perceive basic emotional labels of happiness, sadness, anger, and fear. 19 Importantly, children between the ages of 3 to 7 are establishing the ability to recognize emotion in the human voice. 20 In our center, we have used musical sounds paired with the emotional aspects within stories and poems to explore emotions as expressed in speech, the language arts (e.g., books, poetry, theater), and music. For example, we use contrasting musical sounds (pitch patterns, harmonies, tempi, dynamics) to characterize the personalities or emotions of characters in children's stories (e.g., in the song "Three Little Pigs Went to Market," the pigs are represented by "happy" melodies in a major key, contrasted with the evil, fearful wolf in a minor key), and the children learn to associate these musical sounds with emotional qualities.
Many NH children develop musicality by playing instruments in lessons and ensembles. In recent years, we have encouraged more of our children with CIs (age 7 and older) to learn a musical instrument (clarinet, flute, saxophone, violin, cello, guitar, piano, bassoon). At Mary Hare, we have worked with early implanted children who have learned an instrument for over 10 years. Many of these children seem able to distinguish tones and semitones on their instrument, demonstrating listening skills achieved primarily through training themselves to interpret the sounds heard through their implant. Additionally, significant social benefits are attained through playing in a group, which provides a natural opportunity to enhance listening through the interchange of the instrumental parts as well as musically interact with others.
ASSESSMENT AND OUTCOMES
The music education and habilitation choices for our children are based on assessments of the children's abilities and needs. The children are assessed through seven areas of the UK National program of the Early Years Foundation stage profile, in which musical levels are described within communication, language, literacy, and creative development. Parents of babies and preschool children are encouraged during a series of six music and communication sessions to integrate musical activities into their daily routine. Children at Mary Hare receive weekly music lessons up to the age of 14, where music is used to develop social communication skills and musicality. The goals of the Mary Hare educational program are developed in accordance with the national UK musical goals for NH children, but adapted to provide greater emphasis on training in pitch perception and production and core areas of listening, applying knowledge and understanding, music perception, performing, composing, and appraising.
SUMMARY
At Mary Hare, we have witnessed continuing improvements in musical outcomes for children with CIs, supported through habilitation, training, and education. Music tests that focus only on perceptual accuracy through the CI may not fully capture or predict real life musical outcomes. Today, through the integration and consistent use of music in family-centered early intervention and education, many children with CIs can play, sing, and participate confidently in social musical contexts. Some past student recipients have trained at universities in the United Kingdom to become music teachers, performers, and composers. As professionals working with children and teenagers with CIs, our aim through habilitation, training, and education is to enable them to experience and participate in music, to whatever degree they decide.
